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Abstract
Purpose: A proof of concept study to determine if swine small intestine submucosa
(SIS) can be used to create a suture that will perform comparably to commercial
chromic gut sutures for dermal wound healing.
Background: This is a report of the final phase of a project to develop an alternative
biological graft and suture material for a variety of surgical repairs that is affordable
and readily available in resource‐poor settings of the developing world. The
rationale is to provide instruction for the preparation of an inexpensive, plentiful
and functional material that can be harvested from locally raised animals, safely
prepared in the fresh state with the flexibility to be adapted for placement in a
variety of procedures.
Methods and Materials: Two groups of 4 rats each received a 5mm, mid-scapular,
full-thickness, skin wound. Closure was effected in one group using commercial
chromic gut, and with swine intestinal submucosa (SIS) suture in the other. SIS
sutures were prepared from fresh swine jejunum following removal of the serosal
and mucosal layers after which the tissue was subdivided into strips comparable to
3.0 sutures, then threaded onto a c-3 reverse cutting needle and sterilized in a 10%
gentamycin solution. The animals were euthanized at 21 days post-surgery, and
tissue samples excised, fixed, sectioned, and stained with Toren’s reagent for
examination by light microscopy. The following parameters were compared
between groups using a Fisher Exact Test or Student’s t test: fibroblast presence,
infiltration of native tissue into the suture material, organization of collagen,
vascularity, and granulation tissue.
Results: All animals showed full wound closure at day 21 with no significant
differences between the SIS and Chromic Gut groups in any measured parameter.
Discussion: The results warrant further examination of SIS as a suture material. As
the production of low cost, commercially available, absorbable suture materials is
phased out in favor of the production of more expensive synthetic sutures, third
world nations are left with fewer wound closure options. SIS sutures could provide
a cost effective alternative.

Experimental Animals: Eight adult, male, 300g Sprague-Dawley Rats (Charles River Laboratories, Wilmington, MA) were randomly subdivided into two groups of four animals
each: Group I. Full thickness skin wound repaired with SIS suture
Group II. Full thickness skin wound repaired with chromic gut suture (Ethicon Corporation, Somerville, NJ).
Production of SIS Sutures: Two, fresh, porcine small intestines were obtained from a USDA approved vendor ($10.00 each) an amount sufficient to provide suture material for
this study. The serosal and mucosal surfaces were removed to isolate the SIS, and the tissue subdivided to produce sutures comparable to 3-0 commercial chromic gut. The
sutures were affixed to a c-3 reverse cutting needle and sterilized in a chilled10% gentamycin solution until placement.
Surgical Procedure: Anesthesia was induced to a surgical plane (Ketamine 40 mg/kg, IM/Xylazine 2 mg/kg, IM) and a 5mm diameter biopsy punch used to create a single
midline, full skin-thickness excision, mid scapulae under aseptic conditions. Subcutaneous Butorphanol (2.0 mg/kg) was administered intraoperatively, and post-surgery for
pain control. Group I incisions were closed with the SIS sutures, and Group II incisions were closed with 3-0 chromic gut sutures using standard suturing techniques.
Tissue Collection and Preparation: The surgical site was excised on day 21 post-surgery following CO2 euthanasia. The tissue was fixed in formalin, paraffin embedded,
sectioned and stained according to Toren’s Method and imaged for the presence of mast cell granules, collagen and elastic fibers, fibrin, colloid, keratin and erythrocytes.
Statistical Analyses: Student t-test was applied to determine statistical difference between groups. A Fisher Exact test was applied to determine the difference in the proportion
of suture material-containing samples observed to be infiltrated by native tissue.

Hypothesis & Objectives
H0= There was no difference in healing between wounds sutured with commercial
chromic gut and those sutured with SIS.
Ha= There was a significant difference in healing between wounds sutured with
commercial chromic gut and those sutured with SIS.
Objective I. To demonstrate that cost effective SIS sutures can be prepared on site
from fresh swine intestine that are comparable in strength and performance to 3-0
commercial chromic gut.
Objective II. To demonstrate that SIS sutures can be placed for dermal tissue repair
to effect healing comparable to repair using commercial chromic gut.

Methods & Materials
This study was approved by the Philadelphia College of Osteopathic Medicine
Institutional Animal Care and Utilization Committee (IACUC).
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Discussion & Conclusions

Results
Physical Appearance: There were no significant differences on gross inspection between the SIS and the chromic gut sutured groups at day 21. All animals demonstrated full hair
regrowth at the operative site with no signs of cutaneous scarring or infection.
Infiltration of Native Tissue into the Suture Material: Samples were rated 0 or 1 based on no infiltration or presence of infiltration respectively. Multiple samples from each
animal were rated and then averaged. The Fisher exact test statistic value was calculated to be 0.18, not significant at p<0.05. Therefore, no significant difference between SIS
and chromic gut sutures were found when evaluating native tissue infiltration.

Background
One of the most notable trends in the resource-poor settings of the developing
world are the increased number of traumatic injuries combined with treatment
constraint that are often related to the availability of medical materials (Spiegal,
2003). Furthermore, 80% of the world’s population resides in these locals and
studies have shown that it may be counterproductive to train surgeons from the
developing world in the developed world, and then return them to an environment
where modern conventional resources are unavailable (Eyer-Brook, 1986). An
alternative would be to train providers in their home country, based upon the
pathology and resources available. Dedicated surgeons, for example, face situations
where the need for graft and suture material is pressing but unattainable or often
prohibitively expensive. This is the primary rationale for this tactical study- to
provide information concerning the preparation of a plentiful and functional
material that can be harvested from locally grown animals, safely prepared in the
fresh state, with the flexibility to be adapted for placement in a variety of
procedures. Hopefully, the significance of this work lies beyond these preliminary
studies.

Vascularity & Collagen Organization: No differences in vascularity were found
between the SIS and chromic gut groups. None of the tissue sections in the area of
the wound containing suture materials had any evidence of vascular infiltration in
either group. The degree of organized collagen found in tissue from both types of
repairs was similar with comparable arrangements of parallel collagen fibrils.
Presence of Granulation Tissue: None of the tissue samples from either group were
observed to contain any measurable amounts of granulation tissue implying that
both groups experienced similar, minimal exposure to infection and tensile stress
over the incision sites.
Summary of Results: No statistically significant differences were found between SIS
and chromic gut sutures in any of the evaluated parameters of healing, it appears
that SIS sutures performed as well as commercially available chromic gut suture
material within these experimental parameters.

Fibroblasts: Fibroblasts were counted in a 2.01 by 2.01 sampling square superimposed on micrographic fields at 10X. The average number of fibroblasts per animal calculated,
and compared using a Student’s t test. The t statistic= 0.07, P value 0.95, therefore, not significant at the P< 0.05 level.

After evaluating samples grossly and by light microscopy, no statistically significant
differences were found between SIS and chromic gut sutures. In all evaluated
parameters of healing, It appears that SIS sutures performed as well as
commercially available chromic gut suture material and supported the Null
Hypothesis (H0 ) for this study.
Scar Formation and Hair Growth: Full hair regrowth over the incision site was
observed by day 21, and there were no changes in dermal texture or pigmentation
in either group. The presence of hair is indicative of the successful wound healing,
since various growth factors involved in healing also stimulate hair growth. Lack of
discernable scar tissue indicates an increasing wound tensile strength, and
decreasing granulation tissue formation over the repaired wound site (Stewart,
Paderi, Snyder, Freeman, & Panitch, 2011).
Granulation Tissue: Wound healing following cutaneous surgery initially involves
the appearance of a hematoma that is replaced by granulation tissue during the
first few days. Granulation tissue is more prominent in burns, infected wounds, and
incisions that are left to heal by secondary intention (Doherty, 2010). Since this
study utilized primary closure, little granulation tissue formation was expected, and
none was found.
Collagen: At the time the wound samples were obtained, the remodeling phase of
wound healing had begun. During this phase, fibroblasts organize the collagen
which results in an increase in wound strength. Type III collagen also is being
replaced by type I collagen, which is consistent with the type of collagen found in
normal dermal tissue (Andrew Hsu & Mustoe, MD, 2010). There was no significant
difference found in the organization of collagen between the SIS and chromic gut
experimental groups, which is consistent with expectations at this stage of wound
healing (day 21) .
Fibroblasts: Fibroblasts produce collagen, providing structure to healing wounds.
They are the predominant cell type during the proliferative phase. Since no
statistically significant difference in their presence was found between the SIS and
chromic gut, it can be inferred that both groups were at similar stages of healing
with similar tensile strength.
Neutrophils: Contamination to wounds results in increased inflammatory
response and tissue destruction as the immune system clears infection (Clark,
1985). If no contamination has occurred, neutrophil infiltration will resolve within
the first few days . The lack of identifiable neutrophil invasion seems to indicate
normal tissue healing, without a prolonged immune response in either group.
Cost Effectiveness: While keeping costs low is important, it is also vital to create a
suture that is sterile. The use of gentamycin as a sterilizing solution allows SIS
sutures to be a cost effective option. Gentamicin sulfate is commercially available
for $8 per milliliter. Several milliliters of solution can be used to sterilize a batch of
several sutures. Utilizing a reusable suture needle also keeps costs low when
creating SIS sutures. A pack of 12 can be purchased for $31.99. Sterilization by
steam, dry heat, ethylene oxide or by irradiation according to internationally
accepted standards (Center for Disease Control and Prevention, 2008).
Conclusions: The large number of traumatic wounds in resource poor locals make
even small differences in treatment options significant in the reduction of postoperative morbidity. The availability of locally produced suture materials could
translate into improved health for a substantial number of individuals and
significant savings of cost and health services resources.

